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ABSTRACT _ 

This  paper  deals  with  voltage  tracking  control  of  DC-  DC  boost  converter 
based  on  Fuzzy  neural  network.  Maintaining  the  output  voltage  of  the  boost 
converter  in  some  applications  are  very  important,  especially  for  sudden 
change  in  the  load  or  disturbance  in  the  input  voltage.  Traditional  control 
methods  usually  have  some  disadvantages  in  eliminating  these  disturbances, 
as  the  speed  of  response  to  these  changes  is  slow  and  thus  affect  the 
regularity  of  the  output  voltage  of  the  converter.  The  strategy  is  to  sense  the 
output  voltage  across  the  load  and  compare  it  with  the  reference  voltage  to 
ensure  that  it  follows  the  required  reference  voltages.  In  this  research,  fuzzy 
neural  was  introduced  to  achieve  the  purpose  of  voltage  tracking  by  training 
the  parameter  of  controller  based  on  previous  data.  These  data  sets  are  the 
sensing  input  voltage  of  the  converter  and  the  value  of  the  output  load 
changes.  To  establish  the  performance  of  proposed  method, 
MATLAB/SIMULINK  environments  are  presented,  simulation  results  shows 
that  proposed  method  works  more  precisely,  faster  in  response  and 
elimination  the  disturbances. 
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1.  INTRODUCTION 

Nowadays,  DC  power  supplies  are  widely  utilized  in  many  areas  compromising  of  simple  electronic 
devices  such  as  notebook  computers,  till  even  more  advance  application  such  as  electric  vehicle  and  also  the 
aerospace  applications  [1].  Hence,  the  DC-  DC  converter  is  usually  used  by  convert  a  DC  voltage  to  a 
different  DC  voltage  level  in  order  to  provide  the  DC  voltage  source  level  requirements  of  the  load  to  the  DC 
power  supply,  In  addition,  the  DC-DC  converter  is  also  an  important  application  for  the  power  conditioning 
of  the  alternative  electrical  energy  such  as  photovoltaic,  wind  generator  and  fuel  cell  system.  Due  to  these 
reasons,  the  DC-DC  converter  application  will  head  to  a  more  potential  market  in  the  future  [2]. 

Mainly,  the  DC-DC  converter  consists  of  the  power  semiconductor  devices  which  are  operated  as 
electronic  switches  and  classified  as  switched-mode  DC-DC  converters  or  normally  refers  as  Switched  mode 
power  supply.  To  achieve  the  output  voltage  constant,  feedback  control  loop  is  used  to  automatically  adjust 
the  duty  cycle  regardless  of  input  voltage  variation  and  load  changes  [3].  Operation  of  the  switching  devices 
causes  the  naturally  nonlinear  characteristic  of  the  Boost  converters  [4].  Due  to  these  unnecessary  nonlinear 
characteristics,  the  converters  require  a  controller  with  a  high  degree  of  dynamic  response  [5].  PID 
controllers  undergo  from  repeated  tuning  of  their  parameters  for  disturbance  conditions  and  different  loads 
[6].  PID  controller  have  some  disadvantages  such  as  slow  response  to  the  sudden  change  in  the  load  or 
disturbance  in  the  input  voltage. 
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One  of  the  design  targets  for  electronic  engineers  is  to  improve  the  efficiency  of  power  conversion. 
For  PWM  (pulse-width  modulation)  converters,  switching  loss  is  an  important  performance  measure  [7].  The 
artificial  intelligent  control,  such  as  Fuzzy  logic  and  neural  network  are  very  capable  for  the  identification, 
adaptive  and  control  for  nonlinear  dynamical  systems  [8].  Fuzzy  Neural  control  is  an  attractive  control 
method  because  its  structure,  consisting  of  fuzzy  sets  that  allow  partial  membership  and  “if  -  then”  rules, 
resembles  the  way  human  intuitively  approaches  a  control  problem.  This  makes  it  easy  for  a  designer  to 
incorporate  heuristic  knowledge  of  a  system  into  the  controller.  Fuzzy  Neural  control  is  obviously  a  great 
value  for  problems  where  the  system  is  difficult  to  model  due  to  complexity,  non-linearity,  and  imprecision. 
DC-DC  boost  converters  fall  into  this  category  because  they  have  a  time-varying  structure  and  contain 
elements  that  are  non-linear  and  have  parasitic  components  [9].  The  artificial  intelligent  control  such  as 
Fuzzy  Neural  is  fast  in  elimination  the  disturbances. 

In  this  paper,  MATLAB  Simulink  is  used  as  a  platform  in  designing  the  DC-  DC  boost  converter 
and  Fuzzy  Neural  Network  (FNN)  controller  in  order  to  study  the  dynamic  behavior  of  dc  to  dc  converter  and 
performance  of  proposed  controller. 


2.  DC-DC  BOOST  CONVERTER 

The  function  of  boost  converter  is  to  serves  as  step  up  voltage  from  one  level  to  another  level  [10]. 
The  circuit  of  DC-DC  boost  converter  is  shown  in  Figure  1. 


The  equations  design  of  Loss  boost  converter  in  CCM  can  be  written  as  following  [12].  The  input  to 
output  voltage  conversion  ratio  is  obtained  as: 
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The  duty  ratio  of  the  loss  boost  converter  is 
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where  r]  is  the  efficiency  of  the  converter  and  M DC  is  the  voltage  transferal  functions.  The  minimum  and  the 
maximum  load  resistances  are 
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The  minimum,  nominal,  and  maximum  values  of  the  voltage  transferal  function  are 
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3.  FUZZY  NEURAL  NETWORKS 

A  favorable  approach  to  obtaining  the  benefits  of  both  fuzzy  and  neural  network  systems  is  to 
integrates  both  neural  networks  and  fuzzy  logic  principles  [13].  The  integrated  system  will  take  the 
advantages  of  learning  abilities,  optimization  abilities,  and  connectionist  structures  (in  neural  network)  with 
IF-THEN  humanlike  rules  thinking  and  ease  of  combining  expert  knowledge).  Fuzzy  neural  networks  (FNN) 
explain  fuzzy  parameter  from  given  training  data.  This  is  usually  done  by  using  membership  functions  with  a 
neural  network.  The  structural  design  of  FNN  shown  in  Figure  2.  In  the  following  substances  each  layer  will 
be  defined  [14].  Input  Layer:  this  layer  transmits  the  crisp  variables  x_n  to  the  output  without  changed. 
Hidden  Layer:  this  layer  represents  the  input  crisp  values  with  the  following  Gaussian  functions: 


exp 


^_l  Qcj-Cjj?  j 
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Figure  2.  Architecture  of  FNN 


Where  cij  and  sij  (i=l,  2,  .,  n  ;  j=l,  2,..,  m),  are  the  mean  and  standard  deviation  of  the  Gaussian 
function  respectively  in  the  jth  term  of  the  ith  input  linguistic  variable  xj  to  the  node  of  this  layer.  Hidden 
Layer:  this  layer  implements  the  fuzzy  inference  mechanism.  The  output  of  this  layer  is  given  as: 
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where  4>i  represent  the  ith  output  of  rule  layer.  Output  Layer:  this  layer  represents  output  linguistic  variables. 
This  computes  the  output  as: 

y0  =  (12) 

where  w°  denote  the  ith  output  weight. 


4.  DESIGN  OF  VOLTAGE  TRACKING  CONTROL 

The  block  diagram  of  voltage  tracking  control  is  shown  in  Figure  3. 


Figure  3.  Block  diagram  of  voltage  tracking  control 


Figure  4  shows  the  Matlab/Simulink  of  DC -DC  boost  converter  with  PI  controller. 


Figure  4.  Simulink  implementation  of  PWM  Boost  Converter  based  on  PI  controller 
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Based  on  above  mentioned  design  equations,  PWM  Boost  Converter  had  been  designed  to  meet  the 
following  specifications:  Vi=14  v,  VO  =  28  V,  IOmax  =  14  A,  IOmin  =  3.5  A,  and  Vr  /VO  <  1%.  Assume 
that  boost  converter  operate  in  CCM  and  the  duty  ratio  varies  from  0.4  to  0.75. 

Figure  5  shows  the  developed  model  system  with  fuzzy-neural  controller.  The  parameters  of  the 
fuzzy-neural  controller  (member  ship  functions  and  output  weights)  had  been  training  off-line  using  m-file 
and  then  the  optimal  values  fed  to  the  fuzzy-neural  controller  block  model  as  shows  in  Figure  6  and  7 
respectively.  In  the  prime’s  part,  the  number  of  membership  functions  for  each  input  is  three.  So,  the  number 
of  weights  in  the  consequence  output  part  is  also  three.  The  first  input  to  FNN  is  the  measured  output  load 
RF  while  DC  input  supply  voltage  to  the  converter  Vi  is  the  second  input  to  the  FNN. 


Figure  5.  Simulink  implementation  of  PWM  Boost  Converter  based  on  FNN  controller 


Figure  6.  Simulink  implementation  of  FNN  controller 
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Figure  7  Simulink  implementation  of  membership  functions 

5.  SIMULATION  RESULTS 

Figure  8  and  9  shows  the  parameter  of  FFN  controller  before  and  after  training.  As  shown  in  these 
figures,  the  number  of  training  ends  in  about  150  iterations. 


Figure  8.  Membership  functions  parameter  before  and  after  training 


Figure  9.  Output  weights  during  training 
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Figure  10  show  a  step  change  in  RL  from  2  to  8  and  then  to  4  at  fixed  Vi  =  14  v  for  both  pi  and  FNN 
controller. 


time  (sec.) 


time  (sec.) 


(a)  (b) 

Figure  10.  The  output  of  converter  when  a  step  changes  in  RF:  (a)  with  PI  controller;  (b)  with  FNN  controller 


As  shown  in  figures  above,  the  FNN  controller  is  faster  in  response  than  PID  and  more  precisely  in 
elimination  the  overshot  when  large  step  change  in  the  output  load.  In  other  words,  FNN  controller 
Maintaining  the  output  voltage  regardless  of  the  disturbances. 

Several  changes  have  been  applied  to  the  input  voltage  Vi  as  followings:  A  step  change  in  Vi  (from 
14  v  to  18  v)  when  RL  =  4  Q  was  applied  at  t=0.02  sec,  back  to  14  v  at  t=0.02  sec  and  then  decrease  to  10  v 
at  t=0.06  sec  the  output  voltage  response  for  both  pi  and  FNN  controller  are  shown  in  Figure  11.  Same 
procedures  as  mentioned  also  applied  when  RL  =  7  Q.  The  output  response  for  these  changes  in  input  voltage 
is  shown  in  Figure  12. 


Figure  11.  The  output  of  the  converter  when  a  step  change  in  Vi  at  fixed  RL  4  Q:  (a)  with  PI  controller; 

(b)  with  FNN  controller 
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(a) 


(b) 


Figure  12.  The  output  of  the  converter  when  a  step  change  in  Vi  at  fixed  RL  7  Q:  (a)  with  PI  controller; 

(b)  With  FNN  controller 


The  compration  between  the  results  above  show  that  FNN  controller  is  batter  than  PID  controller 
because  the  output  voltage  of  the  boost  converter  is  regulating  at  reference  voltage  and  kept  constant  for  any 
step  change  in  the  input  voltage. 


6.  CONCLUSION 

Output  voltage  tracking  of  DC-DC  boost  converter  by  using  fuzzy  neural  controller  is  investigated. 
The  converters  assume  to  operate  in  CCM  with  90%  efficiency.  Pre-data  sets  are  presented  by  sensing  both 
changes  in  the  input  voltage  supply  to  the  converter  and  the  output  load,  these  data  sets  used  to  training  the 
parameter  of  the  controller  off-line.  Dependent  on  the  input  values,  the  controller  will  produce  the  suitable 
duty  ratio  to  the  converter  to  ensure  the  output  voltage  tracking  the  desired  voltage.  Comparison  between  PI 
controller  and  FNN  controller  as  shown  in  the  simulation  results  demonstrated  the  effectiveness  of  the 
proposed  technique  in  maintaining  the  stability  of  the  output  voltage  and  in  reducing  the  disturbances  with 
fast  eliminating. 
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